This paper aims to analyze the time-varying effects of renewable energy consumption on economic growth and vice versa for the G-7 countries. To this end, the historical decomposition method with bootstrap is utilized. The findings show that the effect of economic growth on renewable energy consumption is highly time-varying and strongly positive during the whole analysis period for Germany, Italy and the United States. Although the result is usually analogous in most periods for Canada, France, Japan and the United Kingdom, the contribution of economic growth on renewable energy consumption is reversed in some periods. Additionally, the effect of renewable energy consumption on economic growth shows remarkable time-variations for all the G-7 countries, but does not produce a consistent direction of effect over the entire analysis period. For Germany, Italy and the United Kingdom, renewable energy consumption appears to be a driving force for economic growth during nearly in the whole time period after early 1990s.
Introduction
According to the International Energy Agency (IEA), carbon dioxide (CO2) emissions from fuel combustion human activities play a vital role in climate change [39] . The use of energy is by far the most important factor among others (i.e., agriculture, industrial processes etc.) which produce greenhouse gases such as CO2, methane (CH4) and nitrous oxide (N2O).
Energy demand for most of the fossil fuels stems from worldwide economic growth, and the apparent weight of fossil fuels in the total primary energy supply continues to increase today.
According the 2015 IAE report, fossil fuels account for about 82% of the global primary energy supply, and this ratio has not changed much in the last 40 years. This is an indication of the fact that the studies carried out in order to reach a sufficient level of awareness regarding greenhouse emissions globally are not very successful. For most countries, one of the most important reasons behind this recklessness is to ensure economic growth as energy use has an undeniable effect on economic growth.
One of the key policies to reduce greenhouse gas emissions without undermining energy use is undoubtedly shifting from fossil fuels to renewable energy sources. Unlike fossil fuels, non-biomass 1 renewable energy sources (geothermal, hydropower, solar and wind) do not cause direct greenhouse gas emissions. Recently, there has been a declining tendency in the demand for fossil fuels due to the expanding use of renewable energy sources.
In addition to the environmental problems, energy price volatility, energy dependency, energy supply security, climate change and the possible exhaustion of fossil fuels have led developed countries to put emphasis on renewable energy than fossil fuels sources. The European Union (EU) has assumed a leading role to take serious steps with regards to renewable energy, to develop new strategies and to set targets for member countries. For instance, all the EU countries agreed on a new EU renewable energy target, which is increasing the share of renewable sources in gross final consumption to at least 20% by 2020 and 27% by 2030 [19] .
The key macro-economic objectives agreed by policy makers are stable and sustainable economic growth and development in the modern world. In the last three decades, countries trying to reduce the use of non-renewable energy sources but to meet the everincreasing energy demand have increased renewable energy production significantly [2] .
Following these developments, academics and policy makers have developed an interest in examining the relationship between renewable energy and economic growth. The causality relationship between renewable energy consumption, economic growth and carbon emissions has become more prominent during [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] , and the studies have employed a wide variety of econometric methods, especially vector autoregression (VAR), vector error correction (VECM) and Granger causality methods (see e.g., Adewuyi and Awodumi [1] ). Generally, Granger causality methods and variations are used in these studies to determine four causality hypotheses of interest. The growth hypothesis implies that energy consumption plays a significant role in economic growth, and thus, there is a unidirectional causality from energy consumption to economic growth. A unidirectional causality from economic growth to energy consumption suggests that the conservation hypothesis is supported. In this case, implementing the energy conservation policy is logical since economic growth leads to an increase in energy use. On the other hand, if the relationship between energy consumption and economic growth and vice versa mirrors each other, two possibilities will arise. When there is a bidirectional dynamic relationship between these two variables, the feedback hypothesis is supported, whereas if there is no dynamic links between the two variables, the neutrality hypothesis is supported.
The causal relationship between renewable energy consumption and economic growth has recently been investigated in a number of studies. The number of academic studies which involve different countries, various econometric tools and different analysis periods has gradually increased. While the majority of recent studies are country-based studies which use time-series data, others have focused on a group of countries using panel data. The results obtained from these studies reveal some level of agreement with unidirectional causality findings, but a full agreement has not been reached in the literature [1] . The evidence obtained until now can be best described as mixed, if not confusing, requiring new studies to explain the inconclusive findings.
In a recent study, Kocak and Sarkguneşi [26] Apart from the recent studies above, relatively older academic studies in the literature also examined the relationship between renewable energy consumption and economic growth.
For example, Al-mulali et al. [2] , Apergis and Payne [7, 8] Studies in the literature appear to presume that the relationship between renewable energy consumption and economic growth remained constant during the analysis period.
These assumptions seem to be very unrealistic as the time interval used in most analysis is subject to many structural changes. Balcilar et al. [10] suggest that this time-varying effect is not dominant in any of the G-7 countries over the entire analysis period. However, it can be said that the trend towards renewable energy sources after the beginning of the 1990s is more encouraging for Germany, Italy and the United Kingdom than the other G-7 countries.
The rest of this paper is organized as follows. The second section provides a detailed explanation about the HD methodology. Section 3 discusses the empirical results, and the concluding remarks are given in the last section.
Methodology
Using the historical decomposition approach, we study the time-varying effect of renewable energy consumption on economic growth and vice versa. Let RENt denote the renewable energy consumption in time t and GDPt denote the Gross Domestic product at time t. Assume that a 2-dimensional vector yt=(∆LogRENt, ∆LogGDPt)′ follows a VAR process of order p denoted VAR(p) process. The VAR (p) process can be expressed as follows [28] :
where y t is formed by the logarithms of differenced renewable energy consumption and real 
where,
We can decompose the covariance matrix as Σ u = PP', where P is a lower triangular matrix and defining (2) can be represented as
Let us consider T as a base period which runs from observation 1 in our sample. We can decompose equation (3) The one standard deviation confidence intervals are estimated by the bootstrap method [12] . The bootstrap procedure is implemented following the steps below:
Step 1: Calculate the uncorrelated residuals of each equation from the estimated VAR model (e.g. Step 4: Estimate the VAR model using the new series obtained from Step 3 and compute the HD as mentioned before:
Empirical Results
The empirical estimation in the study uses annual data of renewable energy consumption and reel GDP on the G-7 countries which are Canada, France, Germany, Italy, Japan, United Table 1 that Zα unit root test fails to reject the null hypothesis of nonstationarity for the log levels of the renewable energy consumption and real GDP series considered at 5% significance level for G-7 countries. However, we cannot reject the null hypothesis of a unit for both of the series. The test results reported in column 3 of Table 1 further show that the first differences of the log renewable energy consumption and log real GDP series do reject the null of a unit root. Therefore, the Zα unit root test results indicate that the renewable energy consumption and real GDP series of the G-7 countries both conform to I(1) processes.
Table 1
Zα unit root test results for the renewable energy consumption and real GDP series.
(1 In conjunction with historical decomposition approach, this study investigates the dynamic nexus between the renewable energy consumption and reel GDP series on the G-7 countries to help satisfy the needs of policymakers and academicians for a coherent economic interpretation of both historical data and forecasts. As far as stationary VAR variables are concerned, historical decomposition methods are taken into account rather than structural impulse responses analysis as these analysis cannot be applied to integrated or co-integrated variables in levels without making changes, and also the presence of a stationary MA representation of Data Generating Process is required for these analyses. A case considered in this study is a VAR model covering the renewable energy consumption and reel GDP series for G-7 countries (see Kilian and Lütkepohl [25] for more discussion). The Zα unit root test results reported in Table 1 indicate that the renewable energy consumption and reel GDP time series for G-7 countries contain a unit root. Thus, we take the first difference of both series for G-7 countries for this analysis. Although differencing of time series makes the VAR system stable, it causes information loss as well, which is an undeniable fact. To determine the lag length for each VAR model, we reduce the lag of the VAR model in a stepwise manner from 10 to 1 using sequential likelihood ratio (LR) test statistics. The optimum lag orders of the VAR model for Canada, France, Germany, Italy, Japan, United Kingdom and United States are 7, 6, 3, 6, 8, 10 and 6, respectively.
The full sample VAR model assumes the parameters to be constant over the entire sample period and further assumes that no structural breaks or regime shifts exist in the sample. However, the parameter values in the VAR model may shift due to structural changes and dues business cycle regime shift. Consequently, the patterns of predictive power between the renewable energy consumption and reel GDP series may change over time. Moreover, it is wrong to believe that large and persistent structural impulse response analyses may explain the business cycle in real output. The impulse response used in VAR analysis depends on single positive shocks. However, the business cycle variation in real output results from a sequence of shocks with different magnitude and signs. Thus, it will not be sufficient to explain business cycle using the impulse response analysis because it is based on a single positive shock applied to the system as previously stated. A subsequent negative shock may destroy the impact of a positive shock during a business cycle period on real output, which is a widespread situation. To overcome this outstanding problem, we use the historical decomposition method, which allows us to examine the cumulative effects of shocks on business cycle and to account for the variability of relative shocks (see Kilian and Lütkepohl [25] for more discussion).
There are several stability tests to examine the stability of VAR models [6] . The estimated parameters resulting from undetected unstable relationships can lead to serious consequences because of biased inferences as noted by Hansen [22] in addition to inaccurate forecasts mentioned by Zeileis et al. [44] . Hence, we test the stability of the parameters to examine the stability of the coefficients of the VAR model composed of the renewable energy consumption and reel GDP series for the G-7 countries before investigating the predictive content between these series. To test the stability of the VAR model parameters, we use three different statistics (Sup-F, Mean-F and Exp-F) proposed in the study by Andrews [5] and Andrews and Ploberger [6] . These F-tests of Andrews [5] and Andrews and Ploberger [6] test the null hypothesis of no structural change against the alternative hypothesis of a single shift of unknown timing. The results of the parameter stability test performed for renewable energy consumption and reel GDP prices are reported in Table 2 . In this study, the critical values and the p-values are derived using the parametric bootstrap distribution obtained using 2,000 replications generated from a VAR model with constant parameters as elaborated by Andrews [5] . According to the results given in Table 2 , all tests reject the null hypothesis of parameter constancy at the 5% level (at 10% only in one case) for the single renewable energy consumption equation, single reel GDP equation and the VAR system. Therefore, considering the business cycle regimes and other above-mentioned factors, we use the historical decomposition method to study the cumulative effects of shocks of renewable energy consumption on reel GDP and vice versa.
In addition to the Sup-F, Mean-F and Exp-F tests of Andrews [5] and Andrews and
Ploberger [6] , we also estimate the VAR model using recursive and rolling-window regression techniques since the parameter constancy tests demonstrate structural change and business cycle in the sample as pointed out by the evidence given in Table 2 . For the recursive estimator, we start with a benchmark sample period and then add one observation at a time keeping all the observations in prior samples. Thus, with each iteration, the sample size grows by one. Prediction results are obtained by the rolling window estimator advancing the fixed length benchmark sample one step after each iteration. Namely, we keep constant window size adding one observation from the forward direction and dropping one from the end. For the recursive and moving window models, we estimate a VAR model covering the renewable energy consumption and reel GDP series using the lag order 7, 6, 3, 6, 8, 10 and 6 for Canada, France, Germany, Italy, Japan, United Kingdom and United States by the LR, respectively.
For the recursive and rolling-window parameter stability, we use three tests, namely recursive VAR stability test with L2 norm of Hansen [22] and Nyblom [30] , rolling VAR stability test with mean L2 norm of Hansen [22] and Nyblom [30] , and recursive VAR stability F test for the renewable energy consumption equation, real GDP equation and the VAR model. The estimation results for recursive and rolling-window parameter stability are reported in Figures   1-7 . These analyses which use sup norm indicate that parameter stability for both individual equations and VAR systems can be rejected. This means that we cannot reject a persistent temporary deviation from the normal parameter levels. However, it can be rejected against a single-break alternative. To sum up, in this analysis, the fact that the parameters of the VAR models used for the G-7 countries are not stable. Thus, we use the HD method because of the superior features of the historical decomposition method described above against other methods used in the literature when the impact of the series on each other is time-varying.
Using the HD method, we could examine the cumulative effects of both renewable energy consumption shocks on business cycle variation in real output and economic growth shocks on business cycle variation in energy consumption during the whole analysis period. The estimation results for renewable energy consumption effect on economic growth are shown in Figure 11 . Findings about the effect of renewable energy consumption on economic growth indicate that the relationship is not fixed in any G-7 country. In all G-7 countries, this relationship is time-varying over the study period. The weakening nexus from renewable energy consumption to economic growth since the early 1980s started to rise again in 1986 with a negative dip in Germany. During the 2008 Global Financial Crisis, the growth theory lost its power again, but it has recovered after that time. Especially since the early 1990s, we can say that in Germany, the use of renewable energy is the driving force for economic growth. A similar situation seems to be the case for Italy and the United Kingdom.
On the other hand, the estimation results show that in France, Japan and the United States, this relationship follows a mixed path during the analysis period. In other words, we cannot say that the growth theory works strongly in all periods, or at least for a certain period of time.
These results clearly show that the effect of renewable energy consumption on economic growth varies over time. Unlike previous studies 2 , it is not possible to assume a constant causality relationship throughout the analysis period for these countries.
Conclusion
This paper attempted to assess the time-varying effects of renewable energy consumption on economic growth and vice versa for the G-7 countries. For this purpose, the analysis used the historical decomposition approach to determine the relationship, and the bootstrap method to compute confidence intervals. The previous literature used full sample econometric methods to determine the causal nexus between renewable energy consumption and economic growth.
The major drawback of these studies is the assumption that the relationship between the variables is constant over time. Our study fills the gap in the literature and allows us to make policy implications by incorporating structural changes in the period of analysis with regards to the relationship between renewable energy consumption and economic growth.
The estimation results provide clear evidence that the effect of economic growth on renewable energy consumption is time-varying and positive in all the time periods for Germany, Italy and the United States. For Canada, France, Japan and the United Kingdom, the contribution of economic growth to renewable energy consumption is close to zero or even falls below horizontal line in some periods. In other words, the reported findings substantially contradict the conservation hypothesis for all the G-7 countries in all the analysis periods. Other findings regarding the effect of renewable energy consumption on economic growth provide diverse results; that is, a positive shock in the consumption of renewable energy on economic growth seems not to produce a prevailing outcome over the entire analysis period. After the early 1990s, the use of renewable energy in Germany, Italy and United Kingdom has become the driving force for economic growth except for a few time intervals. It is conceivable for these countries to invest in renewable energy technologies or to switch to renewable energy from fossil fuels in these time intervals. In other countries, there is no evidence that the growth theory operates for a long period of time. For future research, it would be interesting to investigate the time-varying effects of renewable energy consumption on economic growth and vice versa for developing and underdeveloped countries.
